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Abstract  
Worldwide, environmental risk assessment strategies are based on the 
assumption that measuring direct effects of single substances, using 
a few single species tests, in combination with safety factors correct-
ing for extrapolation inconsistencies, can be used to protect higher lev-
els of biological organization, such as populations and even ecosystems. 
At the same time, we are currently facing a range of pollution prob-
lems (Millennium Ecosystem Assessment Series 2005), of which some 
could at least indirectly be linked to the fact that this assumption may 
not be fully valid. Consequently, there is an ongoing scientific debate on 
whether current chemical control protocols are sufficient for protection 
of ecosystems, and numerous suggestions for improvements have been 
presented by the scientific community, e.g. alternative tests and testing 
strategies. On the other hand, few of these suggestions actually reach 
the regulatory world (or become implemented), and risk assessment to-
day basically follows the same paradigm as 30 years ago. While the new 
REACH regime is exceptionally ambitious, this chapter observes several 
problems and gaps in this regulatory framework. We suggest measures 
and approaches which imply increased ecological realism and under-
standing in future regulatory work. 
Keywords: environment, REACH, risk, standardization, toxicity test     
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1 Introduction 
On the 1st of June 2007, a new European chemicals regulation came into force 
(REGULATION (EC) No 1907/2006). REACH (Regulation, Evaluation, Authori-
zation and registration of CHemicals), as the legislation is called, will be intro-
duced in a stepwise process and fully implemented in 2018. The main aims of 
the regulation are exceptionally ambitious in the sense that REACH “should en-
sure a high level of protection of human health and the environment as well as 
the free movement of substances, on their own, in preparations and in articles, 
while enhancing competitiveness and innovation. This Regulation should also 
promote the development of alternative methods for the assessment of hazards 
of substances.” Knowledge about potential risks of both old (i.e. introduced on 
the market before 1981) and new chemical substances (introduced on the market 
after 1981) should be increased, and if the producer cannot produce data on the 
substance it will not go on the market, i.e. producers will be required to gener-
ate their own risk assessment reports. However, the legislation only covers chem-
ical substances produced above 1 ton (t) per producer and year on the European 
market. This means that a large number of chemicals will not be covered by the 
regulation, and for low-volume chemicals (produced between 1–10 t per pro-
ducer and year) data will not be sufficient even for an initial characterization of 
inherent properties (Rudén and Hansson 2006). Currently, we have knowledge 
about human health and environmental risk for about 1,500 of the 30,000 chem-
ical substances that eventually will be covered by REACH (Swedish Chemicals 
Inspectorate 2007). This means that within the next 10 years a great number of 
(eco) toxicological tests must be performed in Europe. Still, REACH assumes that 
ecosystems can be protected by measuring direct effects in simple toxicity tests, 
whereas more complex (indirect) effects may be equally important to consider 
(e.g. Fleeger et al. 2003). For example, up to a production volume of 100 t per pro-
ducer and year, only acute toxicity tests with a micro alga, Daphnia, a micro-or-
ganism and a fish species will be required. In fact, REACH will generate fewer 
systematic data as compared to the so-called new substances in the former Eu-
ropean chemicals legislation. On the other hand, for old substances, REACH will 
increase the data requirements since these substances up until now have been ex-
cluded from control, unless they have been identified as priority substances. In 
all, REACH is an important, albeit small, step towards ensuring sustainable use 
of chemicals in Europe. 
It is clear that the main focus in developing REACH has been related to at 
what level (i.e. production volume) requirements for certain relatively simple 
standard tests will come into force for hazard identification and dose–response 
assessment of single chemical substances. Little or no effort has been focused 
on the actual relevance of the ecotoxicological tests that should provide data for 
these crucial regulatory processes. As mentioned above, it has traditionally been 
a slow process for scientists to influence the regulatory framework, although 
thousands of scientific papers have presented additional test methods (e.g. repro-
duction tests, tests for endocrine disruption, molecular and biochemical analyses, 
population genetics, etc.) to improve our ability to protect ecosystems. 
It is generally required that standard test methods be used for generation of 
toxicity data in European risk assessment (European Commission 2003; within 
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Europe it has been decided that risk assessment procedures should make use 
primarily of the OECD test guideline program [personal communication with 
Yvonne Andersson, Swedish Chemicals Inspectorate]), and it is likely that the 
costly and elaborate process related to development of new standards has con-
strained the incorporation of new test methods. Although a range of factors may 
hamper a straightforward standardization process, we believe that the follow-
ing three aspects have hindered the development of new standard methods more 
than others, and therefore should be highlighted: (1) lack of funding for devel-
opment and inter-calibration activities, (2) standardization work has low status 
within academia, and (3) (too) slow process (a new standard may take up to 10–
15 years to develop). 
The lack of funding (1) is mainly related to the fact that standardization bod-
ies, such as ISO and OECD, do not provide central funding to support promis-
ing scientific proposals, meaning that Member States have to provide funding for 
these activities. Indirectly, this also means that the standardization process may 
be biased; larger more wealthy nations are more likely to be able to finance test 
development. The low status that standardization work has within academia (2) 
reflects the fact that it is difficult to publish such work in international peer-re-
viewed journals as original research. The slowness of the standardization process 
(3) likely depends on both of the first two reasons (1 and 2) but also on the inher-
ently bureaucratic process, in which a large number of countries, at different hi-
erarchical levels, need to reach consensus. Due to this, and to the large number of 
chemicals to be tested within REACH, it is not realistic to expect that future stan-
dard test batteries will include a wide range of additional test methods and ani-
mal groups, which could be one way to improve the chemical control process (see 
e.g. Breitholtz et al. 2006a, 2006b). 
Instead, to increase ecological realism and understanding in future regulatory 
work, we believe that alternative approaches can improve integration of ecol-
ogy with baseline data from currently used standard test methods without much 
extra labor or cost. Since most ecotoxicological test methods are normally per-
formed under optimal testing conditions (e.g. related to food quality/quantity, 
salinity, oxygen, pH, DOC, temperature, etc.), which may not be applicable for 
predicting toxic effects in ecosystems, in Section 2 we point to some suboptimal 
testing conditions that may be considered in regulating chemical substances. In 
Section 3 we present selected population modeling tools, which can use standard 
test endpoints, such as mortality and reproduction, to extrapolate to likely im-
pacts at the population – or even the community level. In Section 4 we provide 
some suggestions on improvements of REACH and summarize our ideas. 
2 Suboptimal Testing Conditions 
2.1 Background 
An ecotoxicological test is performed with the goal of investigating the 
impact of a chemical substance on ecological systems. The endpoints of such 
tests vary widely but are always based on stress-induced responses. Sibly 
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and Calow (1989) have defined stress as an “environmental condition that re-
duces Darwinian fitness when first applied.” Such environmental conditions 
typically occur when organisms are exposed to pollutants (e.g. metals and or-
ganic chemicals) or UV radiation, food quality/quantity is low, and/or toler-
ance limits related to e.g. temperature, salinity, oxygen saturation, hardness, 
and pH are exceeded. Although most organisms have an ability to regulate e.g. 
internal toxicant concentrations by detoxification and/or storage in the body, 
such activities cost energy, which means that less energy is available for other 
crucial processes in the body. This in turn means that organisms living under 
optimal conditions may better be able to handle stressors, such as chemicals, 
than organisms living under suboptimal conditions (e.g. Heugens et al. 2001, 
van der Geest et al. 2002). 
In order to clearly quantify toxic effects of a chemical, current standard toxic-
ity testing is normally performed in such a way that the organisms are exposed to 
a chemical under otherwise constant and optimal conditions. However, environ-
mental conditions differ widely between different parts of the world, and even 
within ecosystems, which could mean that native organisms, as compared to the 
organisms used in the laboratory tests, are either more tolerant because they have 
adapted to handling external stressors, or less tolerant, as a result of combined 
chemical and environmental stress. Standard tests available within the large in-
ternational standardization bodies, such as OECD and ISO, naturally cover only a 
minimal fraction of ecosystem diversity; freshwater species are, e.g. used to pro-
tect the marine environment, (high) temperatures provided by guidelines are of-
ten only representative for tropical regions, single species are used as represen-
tatives for tens of thousands or even millions of other species, etc. We can only 
speculate as to what extent this lack of ecological coverage limits the reliability of 
current chemicals regulation, but there is reason to believe that it is of major sig-
nificance since so many unique biological and ecological systems and functions 
are missing. 
In the following we will highlight a number of relevant environmental fac-
tors, which either alone or in combination may alter uptake and toxicity of both 
organic and inorganic chemicals, and which we think may be important for con-
sideration in future chemicals regulation. We do not imply that the list of factors 
is complete, or that all of these factors should be considered as equally impor-
tant for any given situation. Instead, our aim is to highlight some weak points in 
the current European chemicals legislation, which in some way need to be con-
sidered if the ecological relevance of REACH is to be improved. We are however 
fully aware that the selection of which environmental factors should be consid-
ered in REACH is a challenging task, which will need substantial research efforts 
in the future. We are also aware that changing environmental factors may have 
other implications (e.g. changes in community sensitivity due to lowered species 
diversity) than altered uptake and toxicity of chemicals, which may be equally or 
more important for ecosystem stability and functionality. However, since our fo-
cus is on the use of standard toxicity test data, such indirect ecosystem effects fall 
outside the scope of this chapter. 
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2.2 Environmental Factors of Importance for Uptake and Effects 
In brackish environments with low salinities, such as the Baltic Sea, only a 
few species are able to persist, and those that do, live close to their tolerance lim-
its (Bonsdorff and Pearson 1999). Given that the Baltic Sea receives discharges 
from about 85 million people living in 14 countries in the Baltic Sea drainage ba-
sin (Hannerz and Destouni 2006), it could, from a European perspective, be im-
portant to consider combinations of e.g. stressful salinity conditions and the toxic 
effects of environmental pollutants. This is further highlighted by the fact that 
the effect of salinity may not only affect organisms directly, but may also interact 
with, and thus modify, the toxic compound (Heugens et al. 2001). For example, 
due to metal complexation, bioavailability of metals often decreases with increas-
ing salinity, which leads to decreased toxicity (e.g. Chapman et al. 1998, Witters 
1998, McGeer et al. 2002). Also in marine coastal areas, there is a risk of organ-
isms being exposed to anthropogenic exposure and salinity fluctuations simulta-
neously (Forbes 1991, Heugens et al. 2001). Forbes (1991) for instance found that 
the gastropod Hydrobia ventrosa grew more rapidly at 23‰ compared to at 33‰, 
whereas at 13‰ the gastropods did not grow at all. Interestingly, the negative ef-
fects of cadmium on growth were greatest at the highest salinity, and at the low-
est salinity any effects of cadmium were masked by the salinity effect. Menezes et 
al. (2006), found lower levels of lactate dehydrogenase in brown shrimp (Crangon 
crangon L.) when they were exposed to simulated diurnal salinity conditions, and 
they concluded that this was due to energy loss associated with an increased os-
motic burden. 
Also temperature may influence the action of a toxicant, either by altering me-
tabolism/detoxification (e.g. inducing heat shock or cold hardiness proteins), 
thus changing sensitivity towards a toxicant, or by changing feeding activity and 
thereby toxicant uptake (Heugens et al. 2001). In temperate coastal systems, tem-
perature may fluctuate by 20°C annually (Camus et al. 2004), which could make 
standardized tests performed at one specific temperature of somewhat limited 
usefulness. Heugens et al. (2003) have for instance shown that, in D. magna, acute 
toxicity of cadmium differed substantially between 10°C and 35°C, with higher 
toxicity at higher temperatures. Water temperature is additionally an impor-
tant factor for oxygen saturation, which may also affect the physiological status 
of aquatic organisms. For instance, in a laboratory test, Gardeström et al. (2007) 
exposed dog whelks (Nucella lapillus) collected from the intertidal zone and ex-
posed them to 16°C (ambient), 26.5°C, and 30°C under normal and hyperoxic 
conditions, respectively. They did not observe any thermally induced mortality 
at 26.5°C, but the mortality rate was 40–50% at 30°C, which however was reduced 
to 10% if extra oxygen was provided. It seems as if the oxygen supply was setting 
the limit for the whole organisms’ thermal tolerance. 
In the study, tissue samples were also analyzed for protein-related parameters 
clearly showing that the stress response of dog whelks exposed to increased wa-
ter temperatures differed from those exposed to lower temperatures, but that in-
creased oxygen availability alleviated these differences thus increasing the simi-
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larity between heat-shocked and control animal protein patterns. This implies a 
more stable protein metabolism and might explain the increased survival of heat-
shocked individuals when extra oxygen is supplied. This in turn demonstrates 
the importance of adequate oxygen levels for handling stress, which is something 
that could be considered when performing standardized toxicity tests. Oxygen-
ation is also important for redox conditions and hence for bioavailability of met-
als in sediments. In anoxic conditions an important partitioning phase for cationic 
metals is the formation of metal sulfides, which have low solubility and hence 
bioavailability (Di Toro et al. 1991). In oxic conditions many metals (e.g. Cd, Zn 
and Cu) are instead associated to organic matter and inorganic structures, such 
as oxides, hydroxides of e.g. iron and manganese and clay minerals (Turner et 
al. 2004). Airas et al. (2008) have also shown that a combination of low dissolved 
oxygen concentrations and polluted sediment (but not low oxygen levels alone) 
reduced biomass in an oligochaete (Lumbriculus variegatus) and increased mor-
tality in an insect (Chironomus riparius). From this study, the authors concluded 
that standard sediment toxicity tests may not provide sufficient data for risk as-
sessment of contaminated sediments at sites where the actual conditions differ 
largely from laboratory conditions. 
It is well-known that pH is of importance for bioavailability and uptake of 
many chemicals, such as metals (e.g. Chapman et al. 1998), but pH may also be 
important for the same processes concerning organic substances. Nakamura et al. 
(2008) recently showed that acute toxicity and bioconcentration of the pharma-
ceutical fluoxetine was affected by pH in the Japanese medaka (Oryzias latipes). 
Toxicity increased with increasing pH and bioconcentration was lower at pH 7 
and higher at pH 9, likely because of increase in nonionized forms with signifi-
cantly higher hydrophobicity than the ionized forms at pH values closer to pKa. 
Organic material (e.g. food, particles) may influence bioavailability and bio-
accumulation of both metals and hydrophobic organic substances, either by re-
ducing or increasing uptake (e.g. Fliedner 1997, McGeer et al. 2002, De Scham-
phelaere et al. 2004, Wilding and Maltby 2006, Thorsson et al. 2008). Klüttgen and 
Ratte (1994) found that the development of juvenile D. magna was inhibited by 
cadmium at low food concentrations, while a body length reduction was clear 
at higher doses of food. The brood size was inhibited by 69% at high food lev-
els, whereas no effect was found at low food levels at the same cadmium concen-
trations. Other studies have found effects on food availability and metal toxicity. 
For example, in acute toxicity tests, Chandini (1988) found that the cladocerans D. 
carinata and Echinisca triserialis were more sensitive to cadmium as food levels de-
creased, and Koivisto et al. (1992) found that in five cladoceran species (D. magna, 
D. pulex, D. galeata, Bosmina longirostris, and Chydorus sphaericus), copper expo-
sure at low food levels decreased survival compared to high food levels. Further, 
although a sufficient amount of food may be available, it may still be of too low 
quality, which may have a negative impact on growth and reproduction (Li et al. 
2008, Dahl et al. 2009). The choice of food may thus be of significant importance 
for risk characterizations based on standard toxicity tests, especially when using 
reproduction or population growth data since test organisms used to derive such 
chronic data need to be fed during testing. 
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Not only may food availability during testing influence how organisms re-
spond to toxicants, but feeding conditions used to maintain animal cultures may 
also influence test results. For example, Pieters and Liess (2006) have shown that 
maternal nutritional state may have a significant influence on offspring sensitivity 
to pollutants. In their study D. magna offspring from females raised under either 
low or high food conditions responded differently when exposed to the pesticide 
fenvalerate. Low maternal food conditions increased the offspring size at time of 
birth, reduced age at first reproduction and increased reproductive output, which 
jointly enhanced offspring fitness as estimated by the population growth rate (r). 
Results also showed that fenvalerate exposure in combination with low maternal 
food levels caused a strong decrease in acute sensitivity of young daphnids (neo-
nates), which was generally also observed for chronic endpoints. 
Although it might seem logical to expect that animals with a high energy sta-
tus are more successful in dealing with stress than animals with a low energy sta-
tus, this may not be the case. Smolders et al. (2005) exposed D. magna to different 
food concentrations and measured energy status and scope for growth in animals 
exposed to a stressor (in this case increased salinities). Exposure to higher salinity 
significantly decreased survival and reproduction, but interestingly this decrease 
was more pronounced in the highest food concentrations, which shows that the 
high energy status of the daphnids from the high food concentrations at the start 
of the exposure did not provide an increased capacity to cope with additional 
stress. The authors speculated that this increased sensitivity was the result of a 
change in life history from emphasizing survival at low food supply to empha-
sizing reproduction at high food supply. The studies by Pieters and Liess (2006) 
and Smolders et al. (2005) clearly show that different testing conditions may have 
a profound impact on the outcome of standard toxicity testing and that this out-
come may not be consistent with generally accepted hypotheses. 
3 Population Modeling 
3.1 Available Tools 
Since the early 1990s, mathematical modeling has been accepted as a useful 
tool for developing exposure scenarios in environmental risk assessment, but 
has not received the same attention for effect characterization, although several 
techniques are available. Forbes et al. (2008) have identified three main classes 
of population models; i.e. demographic models, energy budget models, and in-
dividual based models. Demographic models describe individuals with regard 
to their survival and contribution to future generations (i.e. offspring) and can 
either be structured or unstructured. Structured models define individuals in 
certain classes based on age or size, whereas unstructured models treat all indi-
viduals within the population as identical. These general models can further be 
supplemented with stochastic events (demographic or environmental), and by 
adding spatial structure, meta-population models may be obtained. It is also pos-
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sible to incorporate density dependence, but this can in certain model formula-
tions be difficult (Forbes et al. 2008). Energy budget models do not include sur-
vival as a response; instead, these models handle intake and output of energy for 
individuals, relating it to growth rate and reproduction. Individual based models 
consider each individual in a population and describe the individual responses. 
Population level patterns emerge from the combined responses of the individuals 
of which the population is composed. Individual based models are most power-
ful when they include great detail about individual exposures and responses and 
when they incorporate spatially and temporally realistic habitat features. 
Population models can be used in environmental risk assessment for different 
purposes. They can “detect” (or diagnose the cause of) adverse effects on popu-
lations exposed to chemicals. Data on the population is used to detect changes in 
population attributes and relate them to disturbances. They can also “project”’ 
the likely consequences on populations under a set of environmental conditions, 
such as exposure to chemicals (or other stressors), and provide decision-makers 
with information about how populations are doing (see also discussion on sub-
optimal testing conditions in Section 2). Lastly, population models can “forecast” 
the future behavior of populations which is based on understanding the environ-
mental variability as well as the dynamic interactions of density and biological 
processes (Munns et al. 2007). The difference between projection and forecasting 
is that the projection is what would happen to the population (given certain hy-
pothesis, e.g. different management decisions), and a forecast is something that 
will happen and is based on a deeper understanding and more data than a projec-
tion (Caswell 2001). 
3.2 Standard Test Data To Be Used for Regulatory Modeling 
In REACH, for chemicals produced up to 100 t, it is not possible to use popu-
lation modeling as an effect characterization tool since the standard tests required 
do not measure reproduction. However, for chemicals produced between 100 
and 1,000 t, a chronic test with Daphnia is required, and for chemicals produced 
over 1,000 t reproduction tests with earthworms and chironomids are mandatory. 
For substances produced between 100 and 1,000 t, chronic tests with fish are also 
required, but there is currently no true reproduction test available with OECD or 
any other large international standardization body (however, a two-generation 
test is under development within OECD; see Table 1), which means that it will 
not be possible to generate adequate population data for fish under current test-
ing requirements. 
Further, since the reproduction test with Daphnia only comprises asexual re-
production, this also means that investigations focusing on sexual reproduction 
will be lacking for substances produced up to 1,000 t per producer and year. For 
substances produced above this production volume, the reproduction tests using 
earthworms and chironomids may however be used to generate adequate pop-
ulation data (see Table 1 for OECD test guidelines concerned with reproduction 
available for risk assessment in REACH. The proposals on copepods and fish are 
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not yet adopted as OECD test guidelines but here serve as relevant examples). 
In all, this indicates that population modeling can only be part of the testing re-
quired for a rather small set of substances in the current system. 
Table 2 is modified from Menzie et al. (2007) and contains attributes of or-
ganisms that can be used to obtain attributes of populations used in population 
modeling. The table highlights which of these attributes that can be derived from 
standard tests recommended in REACH and presented in Table 1. In our view, 
this clearly illustrates that population models may easily be incorporated into the 
regular risk assessment procedures within Europe.  
Table 1. Endpoints obtained from adopted and proposed OECD Test Guidelines sug-
gested for use in REACH 
Daphnia reproduction (OECD guideline 211)  Earthworm reproduction (OECD 222) 
Mortality  Mortality 
Offspring  Changes in behavior 
Length/volume of individuals  Fecundity (number of juveniles produced) 
Time to production of first brood  Body mass 
Number and size of broods per animal  Pathological symptoms 
Number of aborted broods 
Presence of males and ephippia 
 Fish reproduction, 2-generation 
Chironomid toxicity (OECD 219)      (OECD proposal)b 
Mortality  Survival 
Offspring production  Behavior 
Sex  Fecundity 
Weight of individuals  Fertilization success 
Mean development rate of emerged midges  Hatchability, larvae appearance 
      and survival 
Harpacticoid copepod development and  Appearance of adults 
    reproduction (OECD proposal)a  Gonad size and morphology, and 
Mean development rates from nauplius to the        biochemical- endpoints
    copepodite and adult stages, respectively        (VTG, steroids) 
Fertilization success 
Total viable offspring production per mating pair 
Time to production of first clutch 
Time interval between successive clutches 
Aborted egg sacs 
Necrotic and infertile eggs 
Sex ratio 
Stage specific mortalities 
Abnormal behavior 
a. OECD (Organization for Economic Cooperation and Development). OECD Draft Guidelines 
for Testing of Chemicals. Proposal for a New Guideline. Harpacticoid Copepod Development 
and Reproduction Test, Paris, France (Version: 19th of February 2008 – Current version in-
cludes only the species Amphiascus tenuiremis). 
b. OECD (Organization for Economic Cooperation and Development). Draft proposal for a new 
guideline. Fish Two-generation Test Guideline, Paris, France (Version: 8th of November 2002). 
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4 Suggestions for Improvements of REACH 
In the current chapter we have illustrated how varying physical environ-
mental factors may have a profound impact on physiological and toxicological 
responses in a number of aquatic organisms. The influence of varying environ-
mental factors may become even more important as a result of expected climate 
change, resulting in rapid alterations of biotic and abiotic factors, and thus these 
issues should be of concern for chemicals regulation (Schiedek et al. 2007). In this 
Table 2. Attributes that can be used in population modeling. The table is modified from 
Menzie et al. (2007). An asterisk (*) denotes endpoints that can be derived from OECD 
guidelines and proposals suggested for use in REACH 
Attributes of organisms
Demographics of individuals  Physiological characteristics 
Mortality*  Individual growth rate* 
Reproductive state and output (e.g. fecundity,  Respiration rate 
    births per female)*  Ingestion rate 
Development rate (e.g. time for larval  Metabolism and excretion 
    development, time to maturity)* 
Age*  Genetic characteristics 
Size*  Individual genotypes 
Sex*  Presence of particular alleles 
 Heterozygosity 
Ecology, behavior and exposure  
Life history for individual*  Organism condition 
Habitat and food preference or  Condition factors (weight and length 
    location in space      relationships)* 
Locomotion, dispersal, migration and  Morbidity* 
    spatial extent of an individual  Deformities*
Individual environmental exposure  Tumors and other histopathological anomalies* 
Attributes of populations 
Abundance  Population growth rate 
Population size*  Intrinsic rate of natural increase* 
Population density*  Finite rate of population increase 
Equilibrium abundance (steady-state)  Birth, death, immigration and emigration rates 
Carrying capacity 
Age class distribution*  Spatial distribution and habitat 
Size class distribution*  Spatial distribution across available habitat 
Sex ratios*  Critical patch size 
 Habitat requirements 
Genetic structure and variation 
Genotypic frequencies 
Heterozygosity 
Genetic diversity    
 im p r o v i n g t h e va l u e o f St a n d a r d to x i c i t y te S t da t a i n reach    95
context, it is certainly welcomed that the European Union has adopted the new 
chemicals regulation REACH with its very ambitious aim to protect the environ-
ment. We are however concerned that REACH may fall short of its aim as long 
as it relies on relatively weak tools for hazard identification and dose–response 
assessment of chemicals. However, we believe that the European Union has the 
ability to improve the current regulation and testing guidelines.  
Naturally, increased numbers of test animals, and financial costs for intro-
ducing a wide range of physical environmental conditions as an obligatory part 
of current standard guidelines, will severely limit the development and incor-
poration of additional standard tests. Hence, before suboptimal testing condi-
tions can become a mandatory aspect of risk characterization procedures, it is 
crucial to identify which environmental factors are of major concern. Once key 
physical environmental factors have been established, it is further important to 
develop alternative approaches to minimize any extra costs (in terms of both 
economical values and animal welfare) associated with increased testing fre-
quencies. In this context our proposed use of population models would help 
yield more relevant data in the sense that the models may be used to predict the 
outcome of varying physical environmental conditions on populations, com-
munities or even ecosystems, without any further testing. Both demographic 
models that incorporate environmental stochastic events and individual-based 
models that incorporate spatially and temporally realistic habitat features may 
be useful in this context. In some cases more complex models may be needed, 
which needs to comprise assumptions and simplifications of biological and eco-
logical interrelationships. 
A suggestion for incorporating state-of-the-art knowledge (concerning e.g. 
behavior, tolerance, distribution pattern, etc.) in environmental risk assessment, 
which obviously is difficult to accomplish (see Section 1), would be to make use 
of such knowledge when constructing population models based on available 
baseline test data. We are aware that to e.g. add descriptive information or non-
standard scientific data may go against what is the general paradigm in risk as-
sessment, but we strongly believe that such actions would not be more problem-
atic than the simplifications of ecosystem functionality and the sometimes poor 
extrapolations between species used in current risk assessment guidelines. In our 
view, the mathematical models may instead strengthen potentially weak assump-
tions and increase the ecological realism of the standard testing. 
Moreover, taking varying environmental factors into account in chemicals 
regulation doesn’t necessarily mean that additional temperatures or oxygen lev-
els must be tested over the full concentration range. Selected test chemical con-
centrations can be tested at NOEC and EC/LC50-values for preliminary between-
treatment comparisons. Further, when there are suspicions that there may be 
large regional differences in susceptibility to a certain chemical (possibly based 
on expert judgment) a new chemical ought to be tested at a range of physical en-
vironmental factors relevant for at least two of the most extreme regions within a 
certain area (e.g. Europe). For instance, Scandinavian freshwater systems are of-
ten oligotrophic, weakly buffered and threatened by low pH, which means that 
they in many aspects differ significantly from freshwater systems of middle and 
Southern Europe. This in turn may, as described above, affect bioavailability and 
toxicity of many environmental pollutants, especially metals. 
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In this context it is important to improve the analysis of the extent to which 
sensitive organisms and ecosystems in such areas may need specific test methods 
and specific concern in environmental risk assessment of chemicals (Breitholtz et 
al. 2006a). In the future, it is therefore important to increase research efforts to 
elucidate potential consequences of varying physical and chemical environmen-
tal factors for toxicity of a wide range of chemical substances, in order to develop 
tools for hazard identification and dose–response assessment that include scien-
tifically well-based combinations of species, endpoints and environmental fac-
tors. The battery of endpoints to select from should, as far as possible, comprise 
population level data (Forbes and Calow 1999, Forbes et al. 2001, Breitholtz et al. 
2006a), possibly obtained by using population models. 
5 Concluding Remarks 
In this chapter we have pointed to some fundamental physical environmen-
tal factors that in our view are important to take into account in order to improve 
REACH (and likely other chemical legislations). We have also pointed to the po-
tential of an increased use of mathematical population models to obtain more rel-
evant data for environmental risk assessment. With increased knowledge about 
how various physical environmental factors (e.g. temperature, pH, salinity, O2) 
on one hand influence toxicity and on the other may be taken into account in the 
process of environmental risk assessment, chances will improve to achieve a pro-
cess that is efficient, cost effective, scientifically robust, and meets the demands of 
science-based precaution. Environmental risk assessment within REACH would 
thus become a more diverse but at the same time more adequate process than the 
one presented in the current version. 
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